Biosynthesis of D-amino acid-containing peptides: exploring the role of peptide isomerases.
The discovery of D-amino acid residues in a growing number of gene-encoded peptides suggests that such biochemical modifications are more common than initially thought. In fact, the extent to which D-amino acids are incorporated into peptides by multicellular organisms probably has not been fully realized, since routine Edman sequencing does not provide the absolute stereochemistry of amino acid residues. Unless both the D and L isomers of a particular peptide sequence are isolated, D-amino acid-containing peptides are often identified only after synthesis of naturally-occurring peptide fails to yield the desired activity. To date, D-amino acid residues (e.g., alanine, methionine, leucine, isoleucine, phenyl alanine, asparagine, tryptophan and serine) have been identified in peptides from a variety of species, including frogs, snails, clams, lobsters and spiders. While most have a single D-amino acid residue located near their N-termini, an exception is found with omega-Aga IVB. The examples highlighted in this chapter are the result of a unique strategy of multicellular organisms to circumvent stereochemical limitations imposed by the genetic code in an effort to increase molecular diversity. The presence of D-amino acids permits the generation of novel tertiary structure that could not be accessed from L-amino acids alone. Moreover, advantages of increased potency and protease stability are often observed. Our understanding of the biosynthesis of these D-amino acid-containing peptides is still in its infancy. Nevertheless, the discovery of a novel peptide isomerase from the venom of the Agelenopsis aperta spider provides some important clues to explain the incorporation of single D-amino acid residues within a peptide chain. Given its high homology with other serine proteases, the isomerase may represent an opportune mutation in response to evolutionary pressures. Yet, is the isomerase a unique exception or simply the first in a class of enzymes of varying substrate specificity capable of synthesizing D-amino acid-containing peptides? To be sure, much more remains to be explored about the precise timing and mechanism of the isomerization process, in addition to obtaining further structural data on the enzyme itself. Therein lies the continuation of this fascinating story in enzyme biochemistry.